The aim of the study was to compare the frequencies of protein polymorphisms in milk produced by cows with various proportion of HF genes within their genotypes, managed in two farms. Frequency analyses of beta-lactoglobulin (BLG) and three casein fractions (CSN1S1, CSN2, and CSN3) in individual genetic groups of animals were carried out in milk of 342 cows. Also, milk content of casein and whey proteins was assayed. The highest level of casein was found in farm B, in all the genotypic groups of cows, while the proportion of whey proteins in milk was highest in farm A, in the genotypic group of cows with 25% to 50% of HF genes. As far as the remaining groups of cows are concerned, the level of whey proteins was equal in both studied farms. A genetic differentiation of polymorphisms in milk protein was found in the analysed farms. Frequency of kappa-casein B (CSN3 B) genetic variants, which are desired in processing, was higher in farm A.
Introduction
The studies on protein polymorphism application in cattle genetics, which have been extensive over the recent years, indicate that milk proteins can be utilised in both breeding practice and milk processing (LITWIŃCZUK et al., 1998b; GRAML and PIRCHNER, 2003) . Presence and frequencies of milk protein encoding alleles are different in individual breeds of cows (JANN et al., 2002) , the differences being detectable between herds of cattle within a single breed (JUSZCZAK et al., 2001; FREYER et al., 1998) . Nutritive value of milk is determined primarily by total protein content, whereas its technological value depends on the proportion of its desired (genetically determined) fractions, particularly casein, which represents about 75-85% of total milk proteins. The aim of the study was to compare the frequencies of polymorphisms in proteins of milk obtained from two populations of cows, with various HF genes proportion in the genotype and managed in two large-herd farms.
Material and methods
The frequency analyses of beta-lactoglobulin (BLG), alpha-casein S1 (CSN1S1), betacasein (CSN2), and kappa-casein (CSN3) were carried out on 342 Black-and-White (BW) cows with varying proportion of Holstein-Friesian (HF) genes in their genotype. The cows in the farm A were managed in pasture-housing system, while the cows in the farm B were kept only indoors, in confinement. Milk samples were collected during test days from cows being in milk between 60 and 120 days. The samples were placed in 100-ml plastic containers. The analyses were done immediately on having transported the samples to the laboratory. The analyses did not include samples taken from cows showing symptoms of mastitis, or samples of milk that displayed abnormal properties observed during the precipitation of the proteins. Both beta lactoglobulin and the three mentioned casein phenotypes were tested twice on starch gel in alkaline environment, according to SCHMIDT (1964) , modified by MICHALAK (1969) , and in acid environment, according to PETERSON and KOPFLER (1966) . Casein content was arrived at from the difference between total protein and the content of whey proteins. Total protein was assayed using a Pro-Milk instrument (Foss Electric, Denmark), while whey proteins were assayed using the calorimetric technique with 10 B amide black, according to ASCHAFFENBURG and DREWRY (1959) . The standardisation curve for total whey protein was created with the Kjeldahl method. The obtained results enabled an estimation of the number of all phenotypes of casein and beta lactoglobulin, which in turn allowed estimating the frequencies of genes and genotypes. Genetic equilibrium was analysed according to the Hardy-Weinberg law, while the chi-square test was used for testing the fitness of the empirical data to their theoretical distribution (RUSZCZYC, 1978) . Table 1 presents protein content and frequencies of milk protein polymorphisms in relation to genotypes of cows in farms A and B. The highest level of total protein (3.09%) was obtained in farm B from cows of 75-100% HF, whereas the lowest (2.93%) was found in barn A from cows of 50-75% HF. The highest casein content (2.47%) was recorded in farm B in cows with more than 75.1% HF genes, while the lowest was in farm A (2.31%) in the group of cows with 50-75% HF. The highest content of whey proteins was observed in farm A (0.66%) in cows of the genotype 25-50% HF, while the lowest was obtained in farm B (0.57%) in the same group of cows. The highest frequency of CSN1S1 phenotypes was found in milk of cows with 75% to 100% HF genes in farm B, where two variants were observed, B and BC, depending on the presence of two alleles, i.e. CSN1S1 B and CSN1S1 C. In the genotypic group of cows with 25-50% HF, only one phenotype of this protein, B, was found with no BC phenotype in either farm. The total number of CSN1S1 B phenotypes was higher in farm A within the genotypic group of 50-75% HF. Within the CSN2 of milk, the following six variants were found: A1, A2, A1A2, A1B, A2B, and A2A3, encoded by four alleles, i.e. CSN2 A1, CSN2 A2, CSN2 A3, CSN2 B. The A2A3 phenotype was not found in the groups 25-50% or 50-75% HF in farm A, while in farm B in the group 25-50% HF. Within the CSN3 of milk, three variants were found, A, AB, and B, whose occurrence was controlled by two alleles, CSN3 A and CSN3 B. In farm B the phenotype B was not found in the groups 25-50% HF and 50-75% HF. The total number of CSN3 A phenotypes was higher in farm B, while CSN3 AB were more frequent in farm A. Three phenotypes were found in the BLG polymorphism, A, AB, and B, determined by two BLG alleles, BLG A and BLG B. The phenotype A was not found in the group 50-75% HF in farm A. The total frequency of BLG phenotypes, AB and B, was higher at farm A, while BLG A phenotypes were more frequent at farm B. Table 2 presents frequency of the genes encoding for milk protein polymorphisms as well as empirical and theoretical distribution of genotypes in the studied population of cows with varying content of HF genes at farm A. As far as CSN3 is concerned, 58.33% of the 25-50% HF individuals were homozygotes AA, which was a consequence of a high frequency of the CSN3 A allele (0.75). A2A2 homozygous individuals also prevailed in CSN2, constituting 50% of the population. For polymorphisms in CSN3 and CSN2, a lack of genetic equilibrium was found, which resulted from a significant difference between empirical and theoretical genotype distributions; in the remaining cases the chi-square values were lower than theoretical one. In the polymorphism of BLG, heterozygous AB animals constituted for 41.67%. For the cattle with 50-75% HF, homozygous BB individuals clearly prevailed within the CSN1S1 polymorphism, reaching 94.74%. Similarly, homozygous animals (AA) were prevalent in the polymorphism of CSN3, whereas heterozygotes prevailed in the polymorphisms of the milk proteins CSN2 and homozygotes prevailed for BLG. In the group of cows with 75-100% HF, within the CSN1S1, 99.02% of individuals were homozygotes BB, which resulted from a high frequency of the allele CSN1S1B (0.995). Similarly, homozygotes prevailed in the polymorphism of CSN3. A higher frequency of heterozygous individuals was found within the milk proteins CSN2 and BLG, respectively CSN2 A1A2 (36.27%) and BLG AB (52.94%). Table 3 presents the frequency of genotypes that control milk protein polymorphism, as well as the observed and theoretical distribution of genotypes in the studied population of cows with different share of HF breed in the genotype in farm B. Three genotypes of CSN3 protein, AA, AB, and BB, were found in the group of cows with 25-50% of HF. Homozygous CSN3 AA animals prevailed, representing 89.47%. In the polymorphism of CSN2, heterozygotes prevailed. Within the BLG, three genotypes were found, i.e. AA, AB, and BB. The highest frequency was represented by BLG BB individuals (52.63%).
Results
In the population of cows with 50-75% HF, within the polymorphism of CSN1S1, homozygous BB individuals represented 95.12%, which was a consequence of a high frequency of the allele CSN1S1 B (0.976). Within CSN3, also homozygous AA individuals represented a majority (63.41%). In the BLG polymorphism, heterozygous AB individuals prevailed (56.10%).
Within the genotypic group of 75-100% HF, the domination of homozygous individuals was recorded in the milk proteins CSN1S1 and CSN3, i.e. 0.977 and 0.842 for BB and AA respectively. Within the CSN2, heterozygotes dominated. Three genotypes were found for BLG (AA, AB, and BB). The percentages of genotypes AB and BB were equal, namely 41.44%. In all studied milk protein polymorphisms, the empirical distribution of genotypes corresponded to the theoretical distribution, so the entire population of cattle with different HF proportion remained in the genetic equilibrium. Discussion Casein, with its content in milk being about 2.5%, is the most important milk protein for the cheese industry FELEŃCZAK and SZAREK, 1987) . Milk with higher content of casein is desired because of its better technological value, i.e. shorter time of flocculation (formation of casein clot in the process of cheese production), tougher clots, and an increased cheese production yield (GRAML and PIRCHNER, 2003; HARTUNG and GERNAND, 1997; KRZYŻEWSKI et al., 1997) . The performance of technological processes of cheese production depends on the structure of the kappa-casein gene (ZATOŃ, 1999; GERNAND and HARTUNG 1997) . In the studied herd, a decreasing frequency of the phenotype CSN3B was observed to accompany an increase in the proportion of HF genes (Table 1) . According to KAMIŃSKI (1994) , reduced frequency of the CSN3B allele results from a negative effect of still progressive expansion of Holstein-Friesian cattle, for which a low frequency of the desired CSN3B allele is a characteristic trait. Concentration of individual milk protein fractions and their interrelations depend on the polymorphic form of the given protein determined by a mutation that is expressed through a substitution of one ore more amino acids with others at the given site. These relatevily small changes in the polypetide chain have a significant influence on chemical composition and physicochemical properties of total milk protein (GRUPE and SCHWERIN, 1998; KRZYŻEWSKI et al., 1998) .
Comparing our studies with those by LITWIŃCZUK et al. (1998b) , who studied 351 crossbreds with the Holstein-Friesian breed of cattle, similar phenotypes of milk proteins were found. The frequency of milk protein polymorphism phenotypes in a majority of cases corresponded to the expected frequency. Only in the CSN3 polymorphism in the group of crossbreds with less than 50% of HF genes, significant differences were found between the observed and expected genotype frequencies. Significant differences were also found in the group of 25.1-50.0% HF in the polymorphism of CSN2, which was confirmed with own studies (Table 2) . Investigating into the frequency of CSN3 of milk revealed prevalence of the gene A over B within all the genotypic groups in both farms (Tables 2 and 3) . MICHALAK (1997) , who studied cattle with a high proportion of the Holstein-Friesian cattle genes, found the frequencies of kappa-casein alleles A and B respectively 0. 8092 and 0.1908. LITWIŃCZUK and BARŁOWSKA (1998) , who studied crossbreds with the HF breed in private farms, found that heterozygotes CSN3 AB prevailed (55.7%). JUSZCZAK et al. (2001) found homozygotes CSN3 AA to be prevalent. , who studied Black-and-White cattle, found kappa-casein genotypes AE and BE. STRZAŁKOWSKA et al. (1998) stated that about 3% of currently managed Blackand-White (BW) cattle were kappa-casein homozygotes BB. LITWIŃCZUK et al. (1998a) , who studied populations of BW cows, Jersey cows, and their crossbreds with various addition of HF, found that the lowest frequency of BLG AA homozygotes was among the cows with 0.1-25% of HF and BW; these were at the same time the groups where the proportion of BLG AB heterozygotes was highest. STRZAŁKOWSKA et al. (1998) reported the frequencies of BLG alleles A and B in populations of BW cattle with a high proportion of HF genes, respectively 0.41 and 0.59. , who studied Black-and-White cattle, recorded frequencies betalactoglobulin genotypes AA, AB, and BB at the level of, respectively, 0.11, 0.51, and 0.38. According to KAMIŃSKI et al. (1996) , the frequencies of BLG alleles A and B in Holstein-Friesian cattle ranges between 35.1-41% and 59-65%, respectively. Results of studies on milk protein polymorphism can be used as an additional criterion for selecting sires in the dairy cattle herds. Selection for respective BLG and CSN3 genotypes would contribute to an increased casein content in milk, improved technological quality of milk, and increased cheese production yield. Selection for the mentioned alleles represents a relatively easy task, as they are located on different chromosomes, so no couplings between them occur. Such a direction of selection would not reduce milk yield, but it would significantly contribute to an improvement of milk processing parameters STRZAŁKOWSKA et al. 1998) . This procedure will enable collection of cow herds that produce milk of improved processing quality for the needs of the cheese industry.
Conclusions
A genetic variability of milk protein polymorphisms was found in the studied farms. The highest milk content of casein was found in farm B in all genotypic groups of cows, while the highest percentage milk content of whey proteins was found in farm A in cows with 25-50% HF; in the remaining groups the level was similar in both farms. The frequency of the allele BLG B, which is desired in cheese production, was highest in the group of cows with 50-75% HF in farm A.
The frequency of desired genetic variants of CSN3B, in relation to the technological value of milk for cheese production, was higher in farm A in all genotypic groups of cows. Identification of desired genes encoding milk proteins is of high importance in the countries and regions where cheese industry represents an important branch of economy and the quality of raw material and its technological properties considerably influence the value of the end product as well as output capacity and economical results.
